Background. Seroepidemiological studies have revealed that influenza C virus is widely distributed globally. However, because the isolation of this virus is difficult, there have been few reports on its clinical features.
Although it has been nearly 60 years since the influenza C virus was first isolated in 1947 [1] , there have been few reports describing its clinical features. This lack of information seems to be attributable not to the mild pathogenicity of this virus but to the difficulty in isolating it. Unlike the situation with respect to influenza A and B viruses, there has been no suitable cell line for isolation of influenza C virus. Therefore, most of the previous reports on the clinical manifestations of type C influenza have resulted from occasions when the influenza C virus was isolated during surveillance of other respiratory viruses, such as influenza A and B viruses [2] [3] [4] , and most of such cases have occurred in adults.
Seroepidemiological studies have indicated that influenza C virus is widely distributed throughout the world and that the majority of humans acquire antibodies to the virus early in life [5] [6] [7] [8] [9] [10] , which suggests that infection with this virus is common in childhood. Katagiri et al. detected 3 outbreaks of type C influenza during a 3-year study in a children's home [11, 12] ; they reported that most of the children !3 years old and some employees showed fever and mild upper respiratory tract (URT) symptoms associated with antibody response. To obtain more information about the epidemiological characteristics of influenza C, we developed a tissue-culture method for primary-virus isolation, a method that is effective for routine work with a large number of specimens [13, 14] , and we have surveilled influenza C virus infections in Yamagata City since 1988 and in the adjacent city of Sendai since 1990. We have succeeded in isolating 1200 strains of influenza C viruses during these surveillance periods and have demonstrated that influenza C virus has caused outbreaks among young children in these communities [15] [16] [17] [18] [19] . We have reported that, during the 1988-90 portion of the study in Yamagata, lower respiratory tract (LRT) illness occurred in 5 (25%) of 20 influenza C virusinfected children [15] . In the present study, we reveal the clinical features of influenza C virus infection by reviewing the medical records of 170 children who, during virus isolation, were found to be positive for influenza C virus. Virus was isolated by use of the microplate method described by Numazaki et al. [20] . After centrifugation at 1500 g for 15 min, the supernatants of the specimens were inoculated into the following cell lines in 96-well plates: human embryonic fibroblast, Hep-2, Vero, MDCK, and human malignant melanoma (HMV)-II. The inoculated plates were incubated, in a carbon dioxide incubator, at 33ЊC for 10 days. When a cytopathic effect was observed in MDCK or HMV-II cells, culture media were tested for the presence of hemagglutinating agents by mixing the medium with an equal volume of chicken or guinea-pig erythrocytes-influenza C virus agglutinates the former but not the latter. Finally, the isolates were identified by a hemagglutinin-inhibition test using anti-C/AnnArbor/50 serum, as has been described elsewhere [18] . Clinical data. Clinical data on the children from whom influenza C virus was isolated were obtained retrospectively from their medical records. Children from whom another respiratory virus was isolated at the same time were not included in the analysis.
SUBJECTS, MATERIALS, AND METHODS

Specimen
Nucleotide sequencing. To examine virus transmission within families, we performed sequence analysis of viruses recovered from family members and from a child who resided in the same community at the same time. The nucleotide sequence of the hemagglutinin esterase (HE) gene that encodes the surface glycoprotein of the influenza C virus was determined as described elsewhere [18, 21] . In brief, viral RNA was extracted from respiratory specimens by use of an RNeasy mini kit (Qiagen). The viral RNA was then transcribed into cDNA by use of AMV reverse transcriptase XL (Life Science), and subsequently the HE gene was amplified by polymerase chain reaction (PCR) with ExTaq polymerase (Takara). The nt 64-1989 coding region of the HE gene was sequenced by use of a BigDye Terminator v1.1 cyclesequencing kit, on an ABI Prism 310 (Applied Biosystems) automatic sequencer. Nucleotide sequences of the oligonucleotide primers used for PCR amplification and sequencing are available from the authors on request.
RESULTS
Seasonal distribution of influenza C virus isolation.
Influenza C virus was isolated from 187 (0.22%) of 84,946 respiratory specimens; the monthly distribution is shown in table 1. Isolation of influenza C virus was successful with specimens obtained during each calendar month but predominantly with those obtained during winter to early summer, and, during this latter period, the rate of virus isolation per specimen was slightly higher (0.44%-0.47%) during the April-June interval.
Characterization of influenza C virus-infected children. Of the 187 cases, 2 were excluded because medical records were incomplete, and 15 were excluded because of coinfection with another respiratory virus: among 12 of these 15 cases, there were 2 cases of influenza A virus infection, 2 cases of influenza B virus infection, 2 cases of respiratory syncytial virus (RSV) infection, 4 cases of adenovirus infection, and 2 cases of coxsackie virus infection; 2 cases were negative for virus isolation but were positive for RSV antigen as determined by a rapid-diagnosis kit; and 1 case was clinically diagnosed with mumps.
The age distribution of influenza C virus-infected children is shown in figure 1 . Of the 170 children studied, 83 (48.8%) were boys; 157 (92.4%) of the 170 children were !6 years old, the youngest being 4 months old. A total of 29 (17.1%) of the 170 children were hospitalized, and the ratio of hospital admission was significantly higher among children ! Underlying conditions were present in 5 children: 1 was born prematurely, 1 had congenital heart disease, 1 was born prematurely and also had congenital heart disease, and 2 had IgG2 deficiency. Of these 5 children, 4 were hospitalized, and 1 of these 4, a prematurely born 1-year-old boy, had dyspnea due to croup and was receiving oxygen therapy without ventilatory assistance.
We found cases of multiple infection within 4 families, which suggested the possibility of transmission between siblings. The specimens from 2 of these families were collected on the same day; in the other 2 families, however, the specimens were obtained 6 and 8 days apart, and, in these latter 2 cases, the index cases were 3-year-olds but the contact cases were 1-year-olds who would not be expected to have been able to wander freely outside the household, suggesting the possibility of secondary transmis- sion from index cases or other family members. To investigate this possibility, we compared the 1926-nt sequences of the HE genes of viruses recovered from members of the same family and the corresponding sequences of viruses isolated in the same community during the same season. As a result, the sequences of the viruses recovered within each of these 4 families were identical, whereas they were 6-16 nt different from the sequences of the viruses isolated in their respective communities. Clinical features. As shown in table 2, 111 (78.7%) of the 141 nonhospitalized children were diagnosed with either a URT illness or "influenza." The diagnosis of influenza was clinically equivalent to a URT illness caused by influenza A or B virus infection. Influenza A or B viruses were not detected in any of the specimens from children diagnosed as having influenza, which suggests that it is difficult to clinically distinguish between influenza C virus infection and influenza A and B virus infection. Bronchitis and croup were diagnosed in, respectively, 12 (8.5%) and 7 (5.0%) of the 141 nonhospitalized children. In the 29 hospitalized children, the most frequent diagnoses were pneumonia, bronchitis, and bronchiolitis, which were present in 15 (51.7%), 3 (10.3%), and 3 (10.3%) children, respectively. Overall, of the 170 children in the present study, 112 (65.9%) were diagnosed as having a URT illness, and 36 (21.2%) were diagnosed as having an LRT illness such as pneumonia, bronchitis, or bronchiolitis.
The most frequent symptoms in the 170 influenza C virusinfected children were fever (temperature 138ЊC), cough, and rhinorrhea, which were present in, respectively, 153 (90.0%), 126 (74.1%), and 105 (61.8%) of them (table 3). The predominant sign of infection was fever (mean ‫ע‬ SD peak temperature, ЊC; mean ‫ע‬ SD duration, days). Chil-38.75 ‫ע‬ 0.82 2.88 ‫ע‬ 1.66 dren !6 years old showed a high incidence of gastrointestinal symptoms, such as vomiting, diarrhea, and/or abdominal pain. Febrile convulsion was also more frequent in children !6 years old, but headache was more frequent in those 16 years old. In the 29 hospitalized children, fever lasted longer (mean ‫ע‬ SD, days) and tended to have a maximum temperature 4.26 ‫ע‬ 2.03 (mean ‫ע‬ SD, ЊC), and other symptoms, including 39.03 ‫ע‬ 1.01 cough, rhinorrhea, wheezing, exanthema, conjunctivitis, cervical lymphadenopathy, and convulsion, were observed more frequently.
We compared the clinical symptoms of influenza C virusinfected children versus those of influenza A virus-infected children, by examining the medical records of children who had visited Katsushima Pediatric Clinic during January-March 2002 (table 4) . Because all of the influenza C virus-infected children were !6 years old, we studied influenza A virus-infected children of the same age; the age of these 2 groups was approximately the same (mean ‫ע‬ SD, vs. 2.70 ‫ע‬ 1.41 years old, 2.82 ‫ע‬ 1.38 respectively). The maximum temperature was slightly higher in the influenza A virus-infected children (mean ‫ע‬ SD, 39.22 ‫ע‬ ЊC) than in the influenza C virus-infected children (mean 0.56 ‫ע‬ SD, ЊC), and the duration of fever was signifi-38.38 ‫ע‬ 0.61 cantly shorter in the influenza C virus-infected children (mean ‫ע‬ SD, days) than in the influenza A virus-infected 2.13 ‫ע‬ 1.19 children (mean ‫ע‬ SD, 5.06 ‫ע‬ 2.08 days); however, it is significant that the duration of fever was shortened (mean ‫ע‬ SD, 2.75 ‫ע‬ 1.08 days) in influenza A virus-infected children when they were treated with anti-influenza virus drugs, amantadine, or neuraminidase inhibitor. Thus, it is possible that influenza C virus infection were mistaken for influenza A virus infection in cases in which children without evidence of the latter were treated with these drugs and had a posttreatment diagnosis that was based solely on the duration of fever. Although cough and rhinorrhea were frequently observed symptoms in both groups, rhinorrhea was more frequent in influenza C virus-infected children ( 
DISCUSSION
Influenza is a very significant viral disease of the respiratory tract. In the present study, we have suggested that influenza C virus is also a significant cause of respiratory-tract disease in children !6 years old: during the 14 years of the present study, the isolation rate of influenza C virus in such children was 0.22%, which is slightly higher than the 0.16% rate reported in our previous study [15] . In temperate zones, influenza C virus infections do not show the marked seasonality that is displayed by influenza A virus infections; in the present study, however, most influenza C viruses were isolated during the winter and spring. Thus, in winter months, influenza C may coexist with epidemics of influenza A and B, and differential diagnosis therefore would be valuable.
In the present study, most (153/170 [90%]) of the children from whom influenza C virus was recovered were either infants 16 months old or children !6 years old; only a small fraction (13/170 [7.6%] ) were children of school-going age (i.e., у6 years old). Seroepidemiological studies of influenza C virus infection have revealed that the majority of humans acquire antibodies early in life, with 180% of humans having antibodies to influenza C virus by the age of 7-10 years [5, 7] ; furthermore, newborn infants have maternal antibodies to influenza C virus, which disappear almost completely during the first 6 months of life [5] . The age distribution seen in the present study is compatible with the results of these serological studies. Although influenza C virus is antigenically more stable than influenza A and B viruses [18, 22] , Katagiri et al. have reported that recurrent infection with influenza C virus occurs frequently in children [12] , and other reports have described reinfection in adults [3, 23] . It is likely that clinical symptoms of influenza C virus reinfection in schoolage children are too mild to necessitate a visit to a clinic and/or that viral shedding during reinfection is less than that which occurs during primary infection, resulting in difficulty in isolating the virus from children 16 years old. Further studies therefore will be necessary to reveal the clinical features of influenza C virus infection in older children and adults.
Households are important sites for the transmission of influenza viruses. It has been reported that school-age children are more likely to introduce influenza A and B viruses into households [24] [25] [26] . In the present study, we were able to isolate only a small number of influenza C viruses from children у6 years old; therefore, it is not clear whether influenza C virus infection in school-age children contributes to transmission within families. However, it seems that preschool children might play a significant role in the introduction of influenza C virus into households, because index cases !6 years old were probably the sources of some cases of within-household transmission identified in the present study. Gubareva et al. [26] have reported that the time intervals between virus recovery from index case and virus recovery from the contact case are a median of 4 and 7 days, respectively, in families with influenza A virus infection and families with influenza B virus infection. In the present study, the corresponding time intervals of specimen collection in 2 families with influenza C virus infection were 6 and 8 days, which might represent the interval of onset of illness and is similar to that which Gubareva et al. have reported for influenza B virus infection.
Type C influenza virus has generally been considered to be a pathogen that causes only mild respiratory symptoms [11, 27, 28] . In the present study, a comparison of the medical files of influenza C virus-infected children versus those of influenza A virus-infected children has revealed that the clinical symptoms associated with these viruses are similar, although the maximum temperature was lower and the duration of fever was shorter in the influenza C virus-infected children. Katagiri et al. have reported that the symptoms of influenza C virus infection are characterized by fever and a long-lasting nasal discharge [11] , and we could characterize the typical clinical symptoms of influenza C virus infection as being a common cold-like illness with a fever that persists for 2 days and that usually is accompanied by cough and rhinorrhea.
However, the present study also has shown that 29 (17.1%) of the 170 influenza C virus-infected children were hospitalized and that 17 (58.6%) of these 29 children were !2 years old. Of the 29 hospitalized children, 72.4% (21/29) had an LRT illness such as pneumonia, bronchitis, or bronchiolitis. This higher rate of hospitalization (17.1%) might be due to (1) the fact that specimens from hospitals constituted a fairly large percentage of those identified in the present study (table 1) and/or (2) the possibility that we were unable to detect many cases of influenza C virus infection. Except for 1 child with croup, none of the hospitalized children required oxygen therapy, and none died. However, influenza C virus may well be a more significant viral agent than previously has been thought, because, in childrenespecially those !2 years old-it presents the risk of severe respiratory illness requiring hospitalization. Of the 56 influenza C virus-infected children in the present study who were !2 years old, 21 (37.5%) were diagnosed as having an LRT illness-although, when we retrospectively analyzed data from a hospital in Sendai City, this rate was found to be low compared with that for other typical causes of LRT illness, such as RSV infection (data not shown).
Currently, patients diagnosed with influenza A or B virus infection tend to be treated with neuraminidase inhibitor; however, this drug is ineffective against influenza C virus infection. The clinical diagnosis of influenza is not always easy; therefore, virological evidence is necessary for accurate diagnosis.
